THE STANDARD Fine preparation for producing irreversible hemorrhagic shock in dogs was used in our laboratory and found to be too severe for assessing various methods of therapy. A modification of the Fine shock preparation was developed,1 and our observations of the effects of hyperbaric oxygenation (OHP) on the electrocardiographic and biochemical changes and survival rate of such a preparation constitute the present report.
THE STANDARD Fine preparation for producing irreversible hemorrhagic shock in dogs was used in our laboratory and found to be too severe for assessing various methods of therapy. A modification of the Fine shock preparation was developed,1 and our observations of the effects of hyperbaric oxygenation (OHP) on the electrocardiographic and biochemical changes and survival rate of such a preparation constitute the present report.
Methods Seventy-three medium-sized mongrel dogs, average weight 11 Kg., were used in this study. Thirtyfive dogs (group A) comprised the control shock group breathing air at atmospheric pressure. Thirty-eight dogs comprised the pressure oxygen breathing group. Of the latter, 25 dogs (group B) were subjected to hemorrhagic shock as in group A and treated with OHP, and 13 dogs (group C) were pressurized with OHP without prior bleeding. All dogs were fasted and received 1.5 observed to be 55 per minute at 2 atmospheres, and 69 per minute at the end of decompression (out of the tank). In all animals, sinus arrhythmia appeared and persisted throughout the experiment. This arrhythmia might have been induced by morphine narcosis since it appeared in the baseline electrocardiograms. In some tracings, inversion of the T wave and depression of the S-T segment were noted ( fig. 2 ). These changes became more pronounced with increase in pressure and duration of exposure, but receded during the decompression period. In the vagotomized dogs, the sinus arrhythmia which had appeared previously under morphine disappeared, and the cardiac rate became approximately twice the original rate. There were no significant changes in either rate, rhythm, or wave configuration of the electrocardiograms of these vagotomized dogs during exposure to OHP. In one dog, nodal beats appeared at a pressure of 3 atmospheres.
In group B. subjected to hemorrhagic shock and then treated with OHP, a persistent sinus taehyeardia developed after bleeding and increased during compression. This trend was reversed by decompression and reinfusion of the shed blood. Figure 1 In this group, sinus arrhythmia was also frequently present after morphine. There was a change in the configuration of the P wave after bleeding, with a marked decrease in the amplitude of the QRS complex. During exposure to OHP, a depression of the S-T segment was constantly observed, the T wave becoming tall and sharp ( fig. 3) Figure 1 Graph showing bradyeardia after OHP 3 atmospheres, and tachycardia after hemorrhagic shock and OHP.
with reinfusion of blood. Three dogs developed ventricular tachyeardia followed by ventricular fibrillation and death one hour after compression at 3 atmospheres absolute. Nearly all changes in the configuration and amplitude of the various complexes of the electrocardiogram reverted toward normal after decompression and reinfusion.
Biochemical Changes
The biochemical changes are summarized in figure 4 . The oxygen saturation shows a definite increase in the arterial blood in groups B and C. The mixed venous blood was not measured in either group in the chamber; however, it was moderately increased immediately after decompression in the hemorrhagic shock group treated with OHP. The arterial pCO2 was observed to drop in both groups after exposure to OHP. The mixed venous pCO2 increased at the end of decompression in the shock group treated with OHP, whereas an opposite change was seen in the control group. The lactate levels showed a marked increase in both groups during exposure to OHP, with reversal to normal values after decompression. vulsive seizure. Taylor6 found a 50 per cent decrease in the cardiac rate of rats anesthetized with chloralose or urethane and subjected to oxygen at 6 atmospheres.
Our experiments confirm the above observations, although only morphine narcosis was utilized. Various explanations have been given for this bradyeardia. Whitehorn and Bean 4 demonstrated the dependence of this bradyeardia on the intact vagi; tachyeardia was noted after vagotomy, but was replaced by a delayed bradyeardia, which occurred three to four hours after exposure. They also demonstrated a similar effect on the cardiac rate by exposures to high CO2 as well as low oxygen tensions, and concluded that the bradyeardia is initially due to a predominant vagal activity, but later to a more direct mechanism compatible with an increased CO2 content of the tissues. Our data in the control group As to the effects of OHP on the heart, Whitehorn and Bean4 demonstrated, in experiments on frog hearts, an alteration in the pacemaker, in conductivity, and in contractility. In dogs, they showed prolongation of the P-R interval amounting to 200 to 300 per cent of the precompression value, frequently progressing to atrioventricular block. There was also alteration of the conformation of the electrocardiogram, although it was not so consistent as were the alterations of the cardiac rate and conduction. A diminution of the amplitude of the P wave occurred most prominently at the height of OHP effect. The QRS complex was not significantly altered except terminally. The T wave was increased in both duration and amplitude in about 50 per cent of the experiments. Atrial fibrillation appeared in two experiments only. Conduction disturbances were also reported by Taylor.6 Amorim8 demonstrated lengthening of the P-R interval in 11 patients subjected to 2 and 3 atmospheric pressures, with minor variations in P and T waves. Right-axis deviation and complete atrioventricular block were also observed.
The electrocardiographic changes seen after hemorrhagic shock and OHP, i.e., S-T elevation or depression and T-wave inversion (upright or tent-shaped), were reported to occur after hemorrhagic shock alone. Figure 3 Lead 11 demonstrating the marked tachyca,rdia and S-T changes after hemorrhagic shock and OHP.
OHP. This is ascribed to the improved tissue oxygenation provided by the increased amount of oxygen in physical solution which is made available to the tissues, thus bypassing the deficient oxygen-carrying hemoglobin system in this state of shock.i0 Summary A modification of the standard Fine preparation for hemorrhagic shock yielding an 83 per cent mortality rate was developed. Hyperbaric oxygenation (OHP) at 3 atmospheres absolute was found to decrease the mortality rate significantly, to 26 per cent. Electrocardiographic changes induced by OHP were bradycardia and sinus arrhythmia, which were abolished by vagotomy. Taehyeardia, depression of the S-T segment, with changes in the configuration of the T wave that indicated myocardial damage, was observed in shock dogs treated with OHP. All 
